The comparison of different types of distributed generation (DG) may help for appropriate selection of type of DG for distributed generation planning (DGP) in distribution system for various load scenario. The load on each bus of distribution system may be, in practice, the composition of industrial, residential, and commercial types of load which may also vary with seasonal day, and night. Therefore, in this paper the seasonal mixed load models at each bus are assumed and study is carried out with bus voltage and line power capacity limits for different types of DG using incremental power flow and exhaustive search method as deterministic approach. This analysis shows that mixed load model, types of DG, and power factor of DG have significant impact on size and location of DG.
Introduction
Distributed generation (DG), unlike traditional generation, aims to generate part of required electrical energy on small scale closer to the places of consumption and interchanges the electrical power with the network. It represents a change in the paradigm of electrical energy generation. Distributed generation, also termed as embedded generation or dispersed generation or decentralized generation, is defined as small electric power source that can be connected to a distribution network by a distribution company (DISCO) at any node or by customer at the customer side of the meter (Ackermann et al, 2001) . The emergence of new technological alternatives allows the DG technologies in distribution network to achieve immense technical, economical and environmental benefits (Chiradejaand et al, 2004; El-Khattam and Salama, 2004; Pepermans et al, 2005) . These benefits could be maximized by proper planning i.e. placement of DGs at optimum locations with optimum size and suitable type under certain constraints for benefits.
The most important factors associated with practical situations are discussed as follows. The load throughout the year is not constant instead it varies with seasonal day and night. The load models to be adopted to represent such kind of loads are described in ( IEEE Task Force, 1993; Qian et al, 2011) . In practice, the load at every bus may be the mix kind of load i.e. composition of industrial, residential, and commercial loads. To represent such kind of load, mix load model may be adopted for proper distributed generation planning (DGP) (Qian et al, 2011) . The different types of DG have been considered with analytical expression to determine optimal power factor for minimum loss, but without considering load models, in (Hung et al, 2010) . In (Dent et al, 2010 ) the network capacity analysis has been performed using optimal power flow with voltage step constraints for three power factors of DG (0.95 lagging, unity, and 0.95 leading) but without considering the load models, and different types of DG. Thus seasonal load models, mixed seasonal load models, types of DG, and power factor of DG are the influencing factors which must be considered to ensure proper DGP.
In (Qian et al, 2011; Gozel et al,2005; Singh et al, 2007; Singh et al, 2009) , different kinds of load models have been considered but the mixed load model at every bus has not been considered except in (Qian et al ). The variable loads, but without load model, has been considered in (Zhu et al, 2006; Ochoa et al, 2008; Atwa et al, 2010) .The DGP problem was solved by adopting the type of DG which can supply both active and reactive power, but without load models in ( El-Khattam et al,2005; Harrison et al, 2008; Algarni et al, 2009; . The literature review (payasi et al, 2011 ) manifest that comparative study of different types of DGs with seasonal mixed load models is required to be performed for better DG planning.
In this paper, 38 bus test system and data from (Singh et al, 2007 ) is adopted and DGP is performed using incremental power flow and exhaustive search method with summer day, summer night, winter day, and winter night load models which include industrial, residential, and commercial load models at every bus in certain proportion. Different types of DG with bus voltage limits and line power capacity limit, and seasonal mixed load models are considered for investigation. The results are tabulated and analyzed for: 1) minimum power intake; and 2) minimum real power loss with different types of DG and seasonal mixed load models.
This paper is structured as follows: Section 2 describes the types of DG. Section 3 describes the load models and test cases considered for study. Section 4 describes the methodology adopted. Section 5 presents the simulation result. The last section 6 presents the conclusion of the study.
Types of Distributed Generation
The different types of traditional and nontraditional DGs are classified and described in (El-Khattam and Salama, 2004 ) from the constructional, technological, size, and power time duration pint of view. The DGs may also be grouped into four major types based on terminal characteristics in terms of real and reactive power delivering capability as described in (Hung et al, 2010) . In this paper, the four major types are considered for comparative studies which are described as follows:
Type1: This type DG is capable of delivering only active power such as photovoltaic, micro turbines, fuel cells, which are integrated to the main grid with the help of converters/inverters. However, according to current situation and grid codes the photovoltaic can and in sometimes are required to provide reactive power as well. Type2: DG capable of delivering both active and reactive power. DG units based on synchronous machines (cogeneration, gas turbine, etc.) come under this type Type3: DG capable of delivering only reactive power. Synchronous compensators such as gas turbines are the example of this type and operate at zero power factors. Type4: DG capable of delivering active power but consuming reactive power. Mainly induction generators, which are used in wind farms, come under this category. However, doubly fed induction generator (DFIG) systems may consume or produce reactive power i.e. operates similar to synchronous generator.
In this paper, the analysis of T1, T2, T3, and T4 for optimal size and location is done on the basis of terminal characteristic of basic DGs in terms of their power delivering capability.
Load models and Test Cases
To quantify the effect of different types of DG, on DGP, for different load scenario i.e. summer day, summer night, winter day, and winter night loads, a 38 bus distribution system is adopted (Singh et al, 2007) . In this paper, the line impedances, load data and the line power limits are expressed in p.u. at the base voltage of 12.66 kV and base MVA of 10 MVA ( Singh et al, 2007) as depicted in Table 5 ( Appendix A). The network is also shown in Figure 9 (Appendix A). In conventional load flow analysis, the active and reactive power loads are assumed as constant power load whereas, in practice, the loads may be voltage dependent i.e. industrial, residential, and commercial loads which may be represented by models as described in (IEEE Task Force, 1993) . The voltage dependent load model is a static load model that represents the power relationship to voltage as an exponential equation, and represented in following form.
where, P i , Q i , P 0i , Q 0i , V i , and V 0i are in per unit. Above equations (1) and (2) neglect the frequency dependence of distribution system load, due to the fact that it is pan-system phenomenon which can't be controlled locally and remain same for whole of the system. In practice, the load on each bus may be the composition of industrial, residential, and commercial which may vary with seasonal day and night. Therefore, in this paper the seasonal mixed load model at each bus is considered as described in (Qian et al, 2011) and represented in following form.
where, α i and β i are active and reactive exponents for industrial load model α r and β r are active and reactive exponents for residential load model α c and β c are active and reactive exponents for commercial load model w ipi , w rpi, and w cpi are the relevant factors for active industrial, residential, and commercial Load models at bus i. w iqi , w rqi, and w cqi are the relevant factors for reactive industrial, residential, and commercial Load models at bus i.
The following condition must be satisfied for all buses except buses without load (BWL) ( Bus 1 is slack bus and buses 34 to 38 are not having load).
The values for exponents of voltage for active and reactive component of summer day, summer night, winter day, and winter night load models are given in Table 1 (Qian et al, 2011) . The relevant factor of each load model at each bus is (hypothetically generated) given in Table 2 . In this study it is assumed that w ip =w iq , w rp =w rq , and w cp =w cq . The study is performed considering the situations of load, may be, in practice as follows: 1) each bus having mix of industrial, residential, and commercial load in certain proportion; 2) Loads vary with seasonal day and night. Apart from these situations, T1, T2, T3 and T4 are considered for comparative study. A 38 bus system is assumed to be supplying power to mix of industrial, residential, and commercial load without violating bus voltage and line capacity limits. The following test cases are developed for optimal size and location of DG for constant and seasonal mixed load models for two objectives: 1) Real power loss (P L ) minimization; and 2) Apparent power intake ( S int ) minimization.
• Type 1 DG
The parameters considered for study are as follows: a) Number of voltage limit violations (NVLV) b) Number of line limit violations(NLCLV) c) Apparent power intake (S int ), real power intake (P int ), and reactive power intake (Q int ) at bus 1 d) Real and reactive power loss (P L and Q L ) e) Apparent system power requirement (S sys ) f) Indices (PLI, QLI ,VPI, and LCI) Table 2 . Values of relevant factors of load models for buses with load.
Proposed Methodology

Problem Formulation
The formulation of DGP problem is proposed on the basis of two objective functions 1) real power loss ; 2) Apparent power intake Minimization of real power loss: The objective function is total real power loss (P L ) in the system. The P L in the system is represented by
The P L is function of all system bus voltage (V i ), line resistances (r i,j ), α, and β. The total losses mainly depend on voltage profile. Minimization of total power intake at substation: The objective function is apparent power intake (S int ) at main substation. The P int is the sum of P D and P L , and represented by
Similarly, the Q int is the sum of Q D and Q L , and represented by (8)and (9) respectively are largely decided by the load exponents, α, and β , not by P L and Q L .
The above objectives are subject to the following set of power flows, voltage limits, line power capacity limit, and DG size limit. 
; Power capacity limits are in Table 5 (Appendix A)
Indices to quantify the benefits of DG
The indices to quantify the benefits of DG are defined as follows (Singh et al, 2007) . Real Power Loss Index (PLI): The real power loss index is defined as :
The lower values of this index indicate better benefits in terms of real power loss reduction accrued due to DG location and size. Reactive Power Loss Index (QLI): The reactive power loss index is defined as:
The lower values of this index indicate better benefits in terms of reactive power loss reduction accrued due to DG location and size.
Voltage Profile Index (VPI):
It is related to the maximum voltage drop between each node and root node. The lower values of this index indicate better performance of network. The VPI can be defined as: 
Computational Procedure
In this paper, T1, T2, T3, and T4 are considered for comparative analysis with two objectives: 1) P L minimization; and 2) S int minimization. The data base, using incremental power flow method, for the 38-bus distribution system (Singh et al, 2007) is obtained for the cases: i) without DG; and ii) with DG for various types of DG and load models. Then using exhaustive search method (given in Appendix B), DG size and location along with values of other relevant quantities are determined for both objectives. The size of DGs are considered in practical range decided as equal to or less than power intake at main substation (bus 1) as power is not intended to flow to grid. The step size of power of DG is taken as 0.005 p.u. and the step size of power factor is taken as 0.01. The range of power factor is taken between 0.99 to 0.8 leading for T2 and 0.99 to 0.8 lagging for T4. The quantities evaluated with incremental values of DG at each node are P L , Q L , S int , P int , Q int , S sys , NVLV, NLCLV, PLI, QLI, VPI, LCI, V i , and S ij . The steps of the algorithm, for making the data base, are as follows:
Step 1 : Read of load data, line data, number of buses, DG power increment (Δ|S DG |), α and β for all load models, voltage limits, and DG power factor decrement (ΔPF DG ) for typ2 and type 4 DG.
Step 2 : Select one of the load models (mixed and constant power load models) by selecting exponent values, α and β.
Step 3 : Run power flow program without DG and save the required quantities.
Step 4 : Select one of types of DG.
Step 5 : Decrement of power factor by ΔPF DG from 0.99 leading for Type2, from 0.99 lagging for Type 4 DG and skip this step for Type 1 and Type 3 DGs.
Step 6 : Select one of the buses.
Step 7 : Increment of DG value by ΔS DG.
Step 8 : Run power flow program and save the required quantities.
Step 9 : Go to step 7 till DG value reached the set value (P DG ≤ P int ).
Step 10: Go to step 6 to select next bus till all the buses are considered.
Step 11: Go to step 5 for type 2 and type 4 DG till PF DG is 0.8 and skip this step for type 1 and type 3 DG.
Step 12: Go to step 4 to select other type of DG.
Step 13: Go to step 2 till all the mixed load models are selected.
Step 14: The database obtained in terms of DG_bus, P DG , Q DG , P L , Q L , S int , P int , Q int , S sys , NVLV, NLCLV, PLI, QLI, VPI, LCI, V i , and S ij are used to obtain value of quantities (with zero value of NVLV, NLCLV ) corresponding to minimum P L , and minimum S int as depicted in Table III , and IV using exhaustive search method (given in Appendix B).
Simulation Results and Discussion
In this section, the summary of simulation results obtained for various test cases is presented. The quantities P DG , Q DG , PF DG, S int , P int , Q int , S sys , P L , Q L , corresponding to minimum P L and minimum S int are presented in Table 3 and 4 respectively. The indices corresponding to minimum P L (for economical operation) and minimum S int (to defer system upgrade) configuration are depicted from Figure 1 to 8. The analysis is presented on the basis of results depicted in Table 3 and 4 for various seasonal mixed load models as well as constant power load model and various major types of DG as follows: 
Analysis Constant power load model (CP):
In minimum P L configuration, it is observed that the P L with T2 is 0.0577 p.u. which is less compared to with other types of DGs and without DG. The P DG is 2.4600 p.u., at 0.82 leading power factor, which is less than with T1 and greater than with T4. The S int with T2 is 1.4552 p.u. which is less than with other type of DGs and without DG. The location of T1, T2, and T4 is at bus 6 whereas of T3 is at bus 30. In minimum S int , configuration (to defer substation upgrade), the S int , with T2 is 0.4341p.u. which is less than with T1, T3, T4, and without DG. The P DG of T2 is 3.4765 p.u. at 0.85 leading power factor which is less than with T1 and little more than T4.
The P L with T2 is 0.1247 which is less than with T3 and T4 , and greater than with T1. The location of T1, T3, and T4 is bus 6 (away from substation) whereas for T2 is bus 3 (closer to substation to accommodate greater value of DG). Summer day mix load model (SDM): In minimum P L configuration, the P L and Q L with T2 is 0.0896 p.u. and 0.0604 p.u. respectively whereas with other type of DGs and without DG are more. The value of P DG with T2 is 0.7440 p.u., at 0.8 leading power factor, which is less than with T1 and T4. The location of T1 is 11, T2 and T3 is 30, and T4 is 9,.
In minimum S int configuration, the location is same (bus 2) for all types of DG. The S int with T2 is much less (0.0819 p.u.) than with other type of DGs. The P L and Q L with T2 is 0.1567p.u. and 0.1057 p.u. respectively which are less than without DG and with other type of DGs. The P DG of T2 is 3.8236 p.u.( at PF DG = 0.87 ld) which is more than that of T1 and T4. Summer night mixed load model (SNM): In minimum P L configuration, The P L and Q L with T2 is 0.1046 p.u. and 0.0696 p.u. respectively whereas with other DGs and without DG are more. The P DG of T2 is 0.536 p.u. , at 0.80 leading power factor, which is less than other type of DGs. The location of T1, T2, T3, and T4 are 13, 31, 30, and 12 respectively.
In minimum S int configuration, the S int with T2 is 0.2702 p.u. which is much less than with other type of DGs. The P DG with T2 is 3.5862 p.u., at 0.86 leading power factor, which is less than with T1 and greater than with T4. The P L and Q L with T2 are 0.1556 p.u. and 0.1050 p.u. respectively which are less compared to without DG and with other type of DGs. The location of all type of DGs is same i.e. bus 2, and it is same as for SDM.
Winter day mixed load model (WDM): In minimum P L configuration, the P L and Q L with T2 are 0.1129 p.u. and 0.0748 p.u. respectively which are less than without DG and with other type of DGs. The P DG is 0.436 p.u. , at 0.8 leading power factor, which is less than T1 and T4. The location of T2 and T3 is same as in case of SNM load model i.e. bus 31 and 30 respectively. The location for T1 and T4 is bus 14.
In S int configuration, the S int with T2 is 1.0227 p.u. which is less than with all other type of DGs. The P L and Q L with T2 are 0.1551 p.u. and 0.1045 p.u. which are less than without DG and with other type of DGs. The P DG of T2 is 2.8985 p.u. , at 0.85 leading power factor, which is less than with T1 and T4. The location of all type of DGs is at bus 2.
Winter night mixed load model (WNM): In minimum P L configuration, the P L and Q L with T2 is 0.1229 p.u. and 0.0813 p.u. which are less compared to without DG as well as with other type of DGs. P DG of T2 is 0.3280 p.u. (at PF DG = 0.80 leading) which is less than with other type of DGs. The location is different for different type of DGs.
In minimum S int , configuration, the S int , with T2 is 1.8608 p.u. which is less than with other type of DGs. The P L and Q L with T2 are 0.1554 p.u. and 0.1045 respectively which are less than without DG as well as with other type of DGs. The P DG of T2 is 2.1546 p.u. ,at 0.84 ld power factor, which is less than other type of DGs. The location of all type of DGs is same i.e. bus 2 as in case of other mixed load models.
Discussion
In minimum P L configuration, it is observed that in order to minimize P L , the P L is less for all seasonal load models only with T2 compared to other type of DGs. The optimum locations for T2 are at bus 29 for SDM, bus 31 for SNM and WDM, and 32 for WNM load models. The optimum P DG is also with T2 compared to with T1 and T4 in for all load models. The operating range of power factor for T2 is 0.8 to 0.82ld to meat reactive power demand.
In case of minimum S int configuration, in order to minimize the S int maintaining the line limits, it is suitable to place the DG at that node where maximum line power limit is found, i.e. the line from main substation to the next node i.e. bus 2. Hence in all mixed load models, the optimum location for minimum S int comes out to be bus 2. In this study, optimum location for minimum S int for all mixed load model with each type of DG has come out as bus 2 because bus 1 is not considered as candidate location. It is also observed that with T2 the S int as well as P L and Q L is minimum compared to other type of DGs for all the mixed load models. The operating range of power factor with T2 is 0.85ld to 0.87ld to meet the reactive power demand.
In both configurations, it is observed that optimal performance of Type 4 DG is at 0.99lg (closer to unity). This reveals that such DGs are to be operated on unity power factor if possible or otherwise would impose additional power factor constraints on system. However, in certain case it may not be possible to run on unity power factor such as induction generator. Therefore, they may be represented as having reactive power (fixed or variable) such as DFIG.
For minimum P L and minimum S int configuration the indices PLI, QLI, VPI, and LCI are depicted from Figure 1 to 4, and Figure 5 to 8 respectively. From the figures it is evident that reduction in P L , and Q L with T2 are more, for all load models, compared to T1,T3, and T4 in both configuration.
The voltage profile seems to be improved with all type of DGs for all seasonal load models in both configurations compared to without DG case.
The capacity release for constant load model is more with all type of DGs compared to without DG whereas for seasonal mixed load models the capacity release is less compared to without DG. This reveals that assumption of constant load model may not lead to proper DG planning. Among all type of DGs, T3 depicts more line capacity release for all seasonal load models in both configurations.
Besides, the S sys with all type of DGs is comparable for all seasonal load models but less than constant load model which also reveals that assumption of constant power load model may not be suitable for proper DGP. 
Conclusion
In this work mixed load model at every bus, DG types based on terminal characteristic, seasonal mixed load models as well as constant power load model have been considered. From analysis it is found that Type2 DG has significant impact on DG planning compared to other types of DG. It is also investigated that DG planning based on constant power load model is different than the mixed load models which reveals that the assumption of constant power load model may not lead to proper DG planning. Type2 DG, as compared to others, has significant influence on relevant quantities such as : 1) real and reactive power loss reduction; 2) DG size reduction; 3) Power intake reduction. 10 0.00 0.00 F = From bus, T = To bus, L = line number, S L = Line apparent power limit in p.u., P = Real power load in p. u., Q= Reactive power load in p. u.
Appendix B
Exhaustive Search Algorithms
1.1 Steps for minimum P L step1 : Load the data_base files step2 : Assign k=1, min_loss = P LWODG, and k max = no. of set of data. step3 : Read P L (k), NVLV(k), NLCLV(k), P DG (k), P int (k). step4 : if P L (k) > min_loss go to step8. step5 : if (NVLV(k) ≠0) || (NLCLV(k)≠0)|| (P DG >P int ,) go to step 8. step6 : min_loss = P L (k) step7 : k minpl =k (k minpl is the value of k corresponding to minimum P L ). step8 : if k = k max , go to step 10. step9 : k=k+1, go to step3. step10: Print DG_bus(k minpl ), P DG (k minpl 
